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Automation of Lumber Drying System( I )

—Continuously Rising Temperature Drying of Pinus densiflora—*

An electrically heated experimental lumber dry kiln was retrofitted with a

Hyoung-Woo Lee*?

ABSTRACT

computer-based con-

trol system to control kiln conditions more precisely and monitor and record several kiln variables.
Flat-sawn 2.5cm-thick Pinus densiflora boards were dried in constant temperature process{65
& 50~60 %RH ) and continuously rising temperature process. respectively,

The average drying rate in continuously rising temperature process was 5.7 % /hr, which was
above 3 times faster than that in constant temperature process. But, the average rate of
case-hardening and moisture difference between shells and cores of boards dried in continuously
rising temperature process were 82 % and 5.5 %, respectively, which were much larger than those
of boards dried in constant temperature process.
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Fig. 1. Schematic diagram of automatic lumber drying system.
Table 1. Specifications of data aquisition and control system.
Model PCL812PG Enhanced  PCLD-889 Amplifier ~ PCLD-785 Relay
o Multiple-Lab Card & Multiplexer Board Output Board
Analog Input Input channels : 16 Channels : 16
( Analog /Digital converter) Input range : +/—10V  Relay type : SPDT

Channels : 16 single-ended
Input range : Bipolar:+ /—5V
(Al input ranges are software

Speification programmable)
Analog Qutput

(Digital / Analog converter)

Channels : 2 channels
Resolution : 12 bits
Qutput range: 0to 5V or
Digital Input
Channels : 16 bits
Digital Qutput
Channels : 16 bits

0to 10V

Max. (varies on the (Form C)
gain selection)
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3. Temperature, relative humidity and mo-
isture content of 2.5 cm-thick Pinus den-
siflora versus drying time for the con-
stant temperature process(MC=mois-
ture content. DBT=dry dulb tempera-
ture in dry kiln. RH=-relative humidity
in dry kiln).
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4. Temperature, relative humidity and
moisture content of 2.5 cm-thick Pinus
densiflora versus drying time for the
continuously rising temperature process
(the same legends as those in Fig. 3.).



Table 2. Initial and final moisture content and drying rates of 2.5 cm-thick Pinus densiflora dried by
constant temperature and continuously rising temperature schedule,

Drying MC(%) MC range(%) and drying rate{% /hr)

schedule IMC FMC ~60%mc 60 ~30%mc 30~20%mc 20~10%mc 60~10%mc
CcT* 61.4 6.6 - 4.8 1.2 0.6 1.8
CRT* 107.2 6.4 4.3 6.1 8.3 3.4 5.7

*! CT : constant temperature schedule

Temperature(C)
Relative humidity(%)

Time (hr)

Fig. 5. Differences between dry kiln tempera-
ture and temperatures in wood, tem-
perature drop across the load and rela-
tive humidity versus drying time for
the constant temperature process(DT1
=dry kiln temperature-wood core tem-
perature, DT2=dry kiln temperature-
temperature at the point which is one
forth of wood thickness below wood
surface, TDAL=temperature drop ac-
ross the load, RH=relative humidity).
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Fig. 6. Differences between dry kiln tempera-
ture and temperatures in wood, tem-
perature drop across the load, and rela-
tive humidity versus drying time for
the continuously rising temperature
process(the same legends as those in

Fig. 5.).
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Table 3. Average number of knots, amounts of warp, rates of case-hardening, and moisture con-
tent differences between shell and core of 2.5 cm-thick Pinus densiflora dried by constant
temperature(CT) and continuously rising temperature(CRT) schedule,

Drying Avg. No. Warp(mm) Rate of Case dl‘\?foeiswéz %‘:t’te“t
. i ifferen ween
schedule knots Cup Bow Crook  Twist hardening(%) shell and core
CT 3.4 0.4 1.8 31 7.8 59 31
CRT 3.2 1.2 31 5.6 9.7 82 5.5
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